The periosteum Part 1: anatomy, histology and molecular biology by Augustin, Goran et al.
  
 
    
 
Središnja medicinska knjižnica 
 
 
 
 
 
 
 
 
Augustin, G., Antabak, A., Davila, S. (2007) The periosteum Part 1: Anatomy, 
histology and molecular biology. Injury, 38 (10). pp. 1115-1130. 
 
 
 
http://www.elsevier.com/locate/issn/0020-1383 
 
http://www.sciencedirect.com/science/journal/00201383 
 
http://dx.doi.org/10.1016/j.injury.2007.05.017 
 
 
http://medlib.mef.hr/286 
 
 
 
 
 
 
 
 
 
 
University of Zagreb Medical School Repository 
http://medlib.mef.hr/ 
 
Title page 
 
 
Title: The periosteum – Part 1: Anatomy, histology and molecular biology 
 
Running title: The periosteum 
 
Goran Augustin, Anko Antabak, Slavko Davila 
 
Clinical Hospital Center Zagreb, Zagreb, Croatia 
 
 
Goran Augustin, M.D. (corresponding author) 
Clinical Hospital Center Zagreb 
Kišpatićeva 12 
10000 Zagreb, Croatia 
E-mail: augustin.goran@gmail.com 
Phone: +385915252372 
 
Anko Antabak, Ph.D. 
Clinical Hospital Center Zagreb 
Kišpatićeva 12 
10000 Zagreb, Croatia 
E-mail: anko.antabak@zg.t-com.hr 
 
Slavko Davila, Ph.D., Ass. Prof. 
Clinical Hospital Center Zagreb 
Kišpatićeva 12 
10000 Zagreb, Croatia 
E-mail: slavko.davila@yahoo.com 
The periosteum – Part 1: Anatomy, histology and molecular 
biology 
 
 
Historical aspects 
 
Since the time of Duhamel and John Hunter it has been the belief of anatomists and surgeons 
that the periosteum is osteogenic. In 1757 Duhamel and Monceau reflected the periosteum 
from the bone and fitted around it a silver ring, over which the periosteum was sewed. After a 
period of several months the ring was completely covered with bone and from this 
observation they concluded that the periosteum secreted bone.35 In the mid 1800s, Dupuytren 
proposed that the cartilage of fracture callus originated from periosteum and bone marrow.36 
In 1867 Ollier proved that the deep cellular or osteogenic layer of a free periosteal graft is 
able to produce bone. This view was not disputed until in 1912 when Sir W. Macewan 
published his work The Growth of Bone in which he described many experiments which 
seemed to demonstrate that the periosteum cannot be considered osteogenic, and that it must 
be viewed merely as a limiting membrane of much the same nature as the sheath of a muscle 
or the capsule of one of the viscera. This observation of a periosteum as merely a limiting 
membrane was confirmd by the Gallie and Robertson in 1914.44 Then Lacroix in 1945. 
demonstrated the osteogenic capabilitiy of mature periosteum.65 
 
 
Anatomical considerations 
 
The periosteum is specialized fibrous tissue in a form of fibro-vascular membrane. This well 
vascularized fibrous sheath, covers the external surface of most bones and is absent from 
articular surfaces, tendon insertions, or sesamoid bone surfaces.60 The periosteum and bones 
are bound together by collagen fibers called Sharpey’s fibers that penetrate into bone. The 
direction of collagen fibers is determined by tension forces (Fig. 1). These fibers penetrate 
entire cortex at the sites exposed to high amount of tension forces and the results are tight 
junctions of tendons and bones.136 In the region of the diaphyses of long bones periosteum is 
thicker (2-3 mm) and easily separated from the underlying bone. It is strongly fused with 
bones in metaphyseal and epiphyseal region where it is thinner. 
 
 
  
Figure 1 Cortex (K), periosteum (P) and muscle (M). Collagen fibers (Sharpey's fibers,  blue 
arrows) penetrate from periosteum to bone matrix. 
 
The main feature of children’s bone is to grow, wrapped with elastic, firm periosteum. 
This explains why children fractures have some specific biomechanical features: bone 
fractures without the disruption of the periosteum (subperiostal fractures) or intact periosteum 
of the concave side of the fracture (greenstick fracture).59 With growth, the periosteum 
becomes thinner and loses elasticity and firmness.91 It is especially compliant on tensile forces 
and tearing which results in the disruption of the periosteum in the level of bone fracture in 
adults. The periosteum is highly vascularized and innervated and contains large amounts of 
lymphatic vessels.53 It contains different types of nerves: sensory and vasomotor nerves. 
These vasomotor nerves regulate vessel tone by regulation of precapillary sphincters and 
capillary blood flow. Pain fibers with nociceptors are highly expressed which explains intense 
pain that follow periosteal injuries.74 
 
 
Microscopic features 
 
Generally, periosteum is composed of outer fibrous and inner cellular layers and does not 
supply epithelial cells, though periosteum has the potential to produce collagen.25 The 
structure of the periosteum in terms of ultrastructure and functional organization was not 
definitively understood until recently. The original division in two anatomical layers was 
made by Tonna in 1965, and only in 1986 Tang and Chai clearly delineated osteogenic cells 
of cambium from fibroblasts (fibrous layer).124,128 
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Figure 2 The periosteum of sheep tibia. a) Magnification ×250, b) magnification ×25. 
Photomicrograph of normal periosteum attaching to bone. Periosteum consists of two clearly 
divided layers: osteogenic, cambium (K) and fibrous (F) layer. Periosteal surface (P) adjacent 
to the cortex. 
 
Microscopically (Fig. 2), the periosteum consists of outer, fibrous, firm layer (collagen and 
reticular fibers) and inner, proliferative layer (cambium) which lies adjacent to bone and 
contains osteoblast and osteoprogenitor cells (Fig. 3). Cambium is capable of: a) forming 
normal lamellar bone apposition on cortical bone that grows in width and b) forming primary, 
woven bone after fracture.54,103,124,129 The outer fibrous layer provides elasticity and 
flexibility, whereas the inner cambium is the osteogenic and contains 3 or 4 cell layers, 
including osteoblasts and preosteoblastic cells.24,27,119 
 
  
  
Figure 3 Periosteal covering of the human femoral midshaft. Note the abundance of cells 
(arrowheads) near the periosteal surface comprising the cambium layer stained with Masson 
trichrome. Magnification ×400, bar = 25 µm.  
From Allen MR, Hock JM, Burr DB. Periosteum: biology, regulation, and response to osteoporosis 
therapies. Bone 2004;35:1003-12 Copyright Elsevier. 
 
The first division of the periosteum into three layers was made by Squier et al.119 in 1990 with 
the analysis of periosteal morphology of the dog with light and electron microscope.  
 
Zone I consists mainly of osteoblasts arranged in the layer adjacent to the bone surface in a 
form of simple epithelium and a supraosteoblast layer of smaller, compact cells.6 Adjacent to 
primary (immature) bone, during intense synthesis of extracellular matrix, osteoblasts are 
cuboidal, arranged as stratified epithelium, with basophilic cytoplasm with high levels of 
alkaline phosphatase (Fig. 4).38 With the decrease of activity, osteoblasts elongate and 
basophilic characteristics of the cytoplasm decrease. Layer over the osteoblasts consists of 
small, spindle cells with scarce endoplasmic reticulum that are similar to fibroblasts. These 
are osteogenic progenitor cells which differentiate into osteoblasts. Fibrous tissue consists 
mainly of collagen and small amount of elastic fibers.125 Fibroblasts are scarce and blood 
vessels are almost completely lacking.114 This is the thinnest part of the periosteum (also 
called germinative layer). 
 
 
  
Figure 4 Periosteum of the sheep tibia. Zone I: basophilic osteoprogenitor cells (red arrows) 
of germinative layer in transition to Zone II (blue line). Zone II: transparent zone with 
capillaries (yellow arrows) consists of extracellular matrix and fibroblasts. Magnification 
×25, bar = 15 µm. Hemalaun-eosin. Imunohistochemical staining with CD 31 and CD 34 
(von Willenbrand factor). 
 
Zone II is relatively transparent zone with capillaries and amorphous extracellular matrix 
making the most voluminous part (Figs. 5,6). The fibroblasts constitute the most of the 
cellular component and collagen fibers are abundant and both structures occupy one quarter of 
this layer. Fibroblasts are properly arranged in thin bunches, thinner than in other layers of the 
periosteum.119 
 
 
 
 
Figure 5 Periosteal division into three zones. Zone II (transparent zone) consists of 
extracellular matrix and fibrolasts. Magnification ×25, bar = 15 µm. Hemalaun-eosin. 
Imunohistochemical staining with CD 31 and CD 34 (von Willenbrand factor). 
 
  
 
Figure 6 Zone II of the sheep tibial periosteum. Zone II with capillaries (green arrows). 
Capillary diameter is 5.55-6.49 µm. Magnification ×250, bar = 15 µm. Hemalaun-eosin. 
Imunohistochemical staining with CD 31 and CD 34 (von Willenbrand factor). 
 
 
Blood vessels are numerous in this layer, mostly capillaries (Figs. 4,6). Together with dense 
capillary network this layer contains abundance of endothelial pericytes.32 Pericytes are 
polymorphic cells of mesenchymal origin, which contain multiple, branching cytoplasmic 
processes that partially surround capillaries. Pericytes are found in the microvasculature of 
connective tissue, nervous tissue, muscle tissue and the lungs.115 These cells have ability to 
contract and hence may regulate blood flow in the microvasculature.23 Pericytes may also 
function as resting stem cells and differentiate into smooth muscle cells.81 They may also play 
a regulatory role in controlling capillary proliferation during wound healing,31 and support 
capillaries in maintaining structural rigidity of the micro-vessel wall.29 Pericytes are cells in 
physical contact with capillary endothelial cells, with the ability to differentiate into numerous 
cell types, including osteoblasts.14,101,133 These cells may serve as a supplementary source of 
osteoprogenitor cells32 and may be more important in periosteal bone formation due to their 
greater abundance in periosteum20 than in endosteal bone surface apposition.14 Cultured 
pericytes mineralize in vitro and synthesize the osteoblast marker, alkaline phosphatase, as 
well as bone matrix proteins, including osteocalcin,20 osteonectin, osteopontin, and bone 
sialoprotein. These cells form an osteogenic tissue that mimics bone-derived tissue, both 
spatially and temporally,38 and responds to osteogenic stimuli, such as BMP and parathyroid 
hormone.101Sympathetic nervous fibers in this layer are much denser than in the bone.74 
Extracellular matrix and fibroblasts are less susceptible to histologic staining and this layer of 
the periosteum is less salient and is brighter, and together with zone I is called cambium (from 
Latin, meaning to exchange). The only protein that is present in the higher amount in 
periosteum than in the bone is periostin.55,72 Predominantly it is located in the preosteoblasts 
which secrete periostin in the extracellular matrix. The original term for this protein is OSF-2, 
 
and the highest concentration is found in the disrupted periosteum. The synthesis of periostin 
is increased 4-fold during the first three days after the fracture.72 The concentration decreases 
with the progression of differentiation of osteogenic progenitor cells and the activity of 
osteoblasts. Still the synthesis and the role of the periostin are unclear. It seems that it is 
responsible for the interaction of cells and extracellular matrix, as a mediator, during 
mechanical changes in the periosteum. Also its role is probably in the osteoblast 
differentiation.55,90 
 
Zone III consists of numerous fibroblasts with collagen fibers in scarce extracellular matrix 
(Fig. 5). The blood vessels are scarce, mostly capillaries. This zone is easily perceivable 
because of high amount of collagen fibers and their susceptibility for histologic staining. The 
most important characteristics of collagen are firmness, inextensibility and insolubility. 
Collagen fibers make network of thin fibers in ambiguous directions.103,119 This layer is called 
‘fibrous layer' of periosteum. The zone I is thin in contrast to zones II and III which are 
several fold thicker. These significant quantitative differences in the periosteal structure in all 
three zones are constant despite of the region and the location on the bone and indicate 
persistent periosteal microanatomy.4,72, 119Today, it is clear that morphology of the periosteum 
depends not only upon the species but also upon the age. Periosteal fibroblast number and 
fibrous layer thickness decrease with age,127 although atrophy of the fibrous layer is less than 
that of the cambium layer.91 Vessel density throughout the periosteum also declines with age 
but retains the capacity to increase when activated by mechanical loading or fracture repair.38 
These age-induced changes may help explain why periosteal cells from older subjects fail to 
form mineralized nodules in culture,85 and why periosteal bone formation rate40 and 
responsiveness to hormones and cytokines95 decline with age. During aging the size and the 
number of the cells decrease while the size and the thickness of the collagen fibers increase.28 
Cellular density of the cambium layer is 3-fold higher than the fibrous layer but the ratio is 
constant and is not  changed with aging. Absolute and relative values of total periosteum 
thickness and the thickness of each layer are decreased.4,72,91 The main feature of the 
morphologic changes of cambium layer during aging is almost dramatical decrease127and 
elongation38 of osteoblasts. This reduction in osteoblast number may contribute to the 
apparent atrophy and thinning of the cambium layer that occurs with age.91 Periosteal 
fibroblast number and fibrous layer thickness also decrease with age,127 although atrophy of 
the fibrous layer is less than that of the cambium layer.38,91 This, biologically impaired and 
reduced periosteum has small reparatory potential with slower response rate on stimulation 
with cytokines and hormones (longer fracture healing time). Periosteal expansion occurs 
throughout life. The rate of expansion is high during puberty,17 slower during the adult 
years106,117 and in women, accelerated again after menopause.1 Independently of other 
changes, expansion of the periosteal surface increases the strength of long bones and 
decreases the risk of fracture.89 
 
Site-specific differences in periosteal anatomy or activity clearly exist throughout the 
skeleton. It is well know that the calvarial periosteum is uniquely regulated compared to the 
axial skeleton, and that cellular periosteum is scarce at the femoral neck.98 The existence of 
periosteum at the femoral neck is commonly debated. Early observational92,96 and 
histological10 studies suggest that human femoral neck lacks a periosteum. The absence of 
callus formation following femoral neck fractures in adults supports these 
observations.37,41,60,92,122. Despite these studies there are some opposed observations claiming 
that the femoral neck periosteal covering exists.8,34,98,112 Periosteal cellularity at the femoral 
neck is significantly lower than in the diaphyseal region even in young adults. Twenty percent 
of the femoral neck surface has cellular periosteum which suggests that anabolic osteogenic 
therapies may be effective in strengthening this clinically relevant site. Periosteal cells have 
greater sensitivity to mechanical61 and pharmacological82 stimuli compared to marrow cells 
and even limited cellular periosteum may be sufficient for enhancing periosteal apposition. 
These cells likely do serve to expand the periosteal diameter, as the femoral neck experiences 
age-associated radial expansion.11,106,117 It may be, however, that limited quantity of cells 
limits the rate of expansion, resulting in less than optimal bone geometry and therefore 
elevated fracture risk. Alternatively, these data may present supporting evidence that the 
femoral neck exhibits an alternative means of periosteal apposition. Previous studies have 
documented that both periosteal calcification and calcified fibrocartilage undergo osteonal 
remodeling.134,140 Although this study did not document any calcified fibrocartilage, the 
abundant periosteal mineralized tissue did contain individual osteons, clearly separated from 
the periosteal bone surface, in some regions. Such mechanism could be an alternative 
explanation for femoral neck periosteal expansion with age. Thus, rather than circumferential 
lamellae being laid down on the periosteal surface and subsequently remodeled into osteons, 
as occurs in diaphyseal bone, mineral accumulates separate from the periosteal surface with 
subsequent osteonal remodeling necessary for incorporation into the existing bone. The highly 
irregular surface of the femoral neck, as compared to the relatively smooth periosteal surface 
of diaphyseal bone, certainly supports this hypothesis although further study is necessary.2  
 
There are few studies that specifically address the site-specific differences,4,83,113 yet clear 
differences in periosteal bone formation rates exist among skeletal sites. 
Because of ligament and tendon muscle attachments, and fibrocartilage, on some areas of the 
periosteal surface means that periosteal cells are exposed to the different physical 
environments in contrast to more frequently studied endosteal cells, which are bathed in 
hematopoietic marrow. Compared to endosteal osteoblasts, periosteal osteoblasts exhibit 
greater mechanosensitivity to strain,61 a lower threshold of responsiveness to parathyroid 
hormone,82 higher levels of expression of proteins such as periostin55,90,123 and more estrogen 
α receptors.21 These differences in threshold sensitivity to physical, hormonal, and mechanical 
stimuli may underlie the differences in periosteal and endosteal surface responses to therapy.39 
Periosteum has cholinergic sympathetic innervation (Fig. 7). Adult periosteum contains VIP-
immunoreactive fibers associated with periosteum, as well as catecholaminergic fibers 
associated with blood vessels.52,53 VIPergic and cholinergic properties are present in the same 
fibers.121 Tracing studies indicate that periosteal VIP-immunoreactive fibers of the ribs and 
sternum originate from thoracic sympathetic ganglia.53 
 
 
Periosteal circulation 
 
The arterial supply of the long bones consists of the nutritional arteries and of numerous 
vessels entering the bone from the periosteum.5,51 The periostal circulation is an important 
part of bone vascularization. The blood supply of the periosteum is derived from four vascular 
systems.116 
 
Intrinsic periosteal system 
Intrinsic periosteal system is located between fibrous layer and cambium, mostly in zone II 
(Fig. 7).116  
 
 
  
Figure 7 Location of intrinsic periosteal system between (G) germinative, cambium and (F) 
fibrous layer (red arrowheads). 
 
These are terminal branches of nutritive periosteal system. These branches form a net of (a) 
longitudinal blood and lymphatic vessels where the vessels ran parallel to the long axis of the 
bone; (b) circular vessels where the vessels encircle the bone. These vessels interconnect with  
(c) short branches with no predominant direction .58,105,116 
  
 
 
Capillaries are the smallest vessels of the blood circulatory system and form a complex 
interlinking network. The capillary wall is composed of endothelial cells, a basement 
membrane, and occasional scattered contractile cells called pericytes. A capillary consist of 
one, two or three epithelial cells. The capillaries form a dense network of narrow, short tubes 
measuring from 3-4 µm in diameter (i.e. half the diameter of red blood cells) up to 30-40 µm 
(these large blood spaces are usually known as sinusoids). On average, capillaries have a 
diameter of 6-8 µm and are approximately 750 µm-1mm long. Average volume is 40 µm3 and 
blood flow 0.1 -0.5m/sec.43 Oxygen rich blood flows from arterioles into the capillary bed and 
deoxygenated blood is transported from capillaries to venules. Pressure difference forces the 
blood from capillary bed to venules. Blood from arterioles travels to terminal arterioles, also 
called metaarterioles. Metaarterioles have discontinuous layer of smooth muscle cells (in 
contrast to arterioles). Capillary density in tissue is directly proportional to metabolic activity 
of the tissue. Capillary density is the highest in the brain, kidneys, liver, heart and muscles 
and low in bones, fat and fibrous tissue. There are not exact data about capillary density in the 
periosteum. Periosteal veins have thinner vessel wall with higher quantity of collagen fibers 
than arteries often leading to luminal collapse during microscopic examination. The layers 
cannot be strictly differentiated. Periosteal veins contain lesser amount of elastin than 
periosteal arteries and these fibers are scattered with no predominant direction. Lymphatic 
vessels have thinner wall than veins and lack distinct layers. The lumen is irregular and its 
wall consists of endothelial cells surrounded by fibrous tissue. Only larger lymphatic vessels 
have muscular layer that contains smooth muscle cells in both longitudinal and circular 
direction. 
 
 
Periosteocortical (cortical capillary) anastomoses 
 
Periosteal arterioles run longitudinally without a decrease in the diameter and give branches 
that are directed to bone. Normally, these branches are perpendicular to this main periosteal 
vessel. In the outer third of the cortex, in the nearest central canal of external osteons they 
anastomose with medullar system (Fig. 8).  The number and the diameter of periosteocortical 
anastomoses increase progressively from the diaphysis to the metaphysis.131 In some cases 
branches of periosteal arteries and arterioles pass through the whole cortex and supply 
sinusoids and other vessels of medullary system.75,102 This system represents direct 
connection of periosteal blood supply with nutritional artery. These periosteocortical arteries 
have concomitant veins, a system characteristic for all mammals that is responsible for 
survival of outer cortex when nutritive or medullar blood supply is diminished or blocked.  
 
 
 
 
Figure 8 Vascular supply of cortical bone. Periostocortical anastomosis connects periosteal 
and nutritional artery blood supply.  
 
 
 
  
 
 
Musculoperiosteal system 
 Musculoperiosteal anastomoses with surrounding muscle have a significant role in periosteal 
callus formation.84,141 Their role is even more significant in conditions of insufficient intrinsic 
(nutritive) periosteal circulation. Epimysium is well nourished and fused with fibrous layer of 
the periosteum in a way that pulling the muscle from the bone resulted in stripping of the 
periosteum. Blood supply of epimysium is derived from two sources: the main muscular 
branch (Fig. 9a) and branches of segmental arteries (Fig. 9b). Musculoperiosteal anastomoses 
can also be divided (according to the size of the vessels) on musculonutritive arteries with 
concomitant veins and less valuable anastomoses on capillary level.137 
 
 
 
 
Figure 9 Musculoperiosteal anastomoses, a) main muscular branch, b) branches of segmental 
artery for epimysium. 
 
 
 
  
  
Nutritive periosteal system (fascioperiosteal system)  
 
The periosteum is vascularized by several segmental arteries. Distribution of these segmental 
arteries differs from bone to bone because of different insertion of tendons and fascia.75 
Nutritive arterial system is accompanied by venous system. Every artery is accompanied by 
two veins.99 As an example, periosteal circulation of human tibia is presented in detail.80 
Nutritive periosteal circulation of the human tibia is divided into four regions (Fig. 10). These 
regions are connected at the capillary level. Seventy to eighty percent of cortical blood flow is 
delivered by periosteal circulation and 90-100 % of venous blood is drained by periosteal 
circulation depending of the anatomic and bone region.22,27,116,130,139 
 
  
Figure 10 Periosteal arteries of the tibia. Scheme demonstrates sectors being supplied by one 
or multiple arteries which nourish the periosteum and the outer part of the cortex. 
ATA=anterior tibial artery; ARTA= anterior recurrent tibial artery; FA=fibular artery; 
ILGA=inferior lateral genicular artery; IMGA=inferor medial genicular artery, PTA=posterior 
tibial artery; PRTA=posterior recurrent tibial artery. 
 
 
The anterolateral sector of the proximal fifth of the tibial periosteum is nourished by recurrent 
branch of anterior tibial artery (ATA). Anastomoses were found proximally with the lateral 
inferior genicular artery with branches of the medial inferior genicular artery on the tibial 
tuberosity and under the distal part of the patellar ligament. In the proximal fifth the latter 
artery supplies the anteromedial side of the tibia and the medial part of the dorsal side. The 
lateral part of the dorsal side of the upper fifth of the tibia is nourished by recurrent posterior 
tibial artery coming from the ATA. At the lateral condyle the supply is supported by the 
lateral inferior genicular artery from the popliteal artery. Lateral surface of the proximal 
diaphysis is nourished by periosteal branches from the ATA, mainly running in a transversal 
or slightly ascending seldom in a descending direction. There are 5-1280 or 2-899 of these 
branches. Both authors found that the arterial vessels of the periosteum are accompanied by 
two veins. Partly the periosteal branches of the proximal diaphysis extend to the medial 
surface where they merge with periosteal branches of the posterior tibial artery (PTA). In 
addition, the PTA is giving support to the nutritional artery for supplying the posterior 
surface. At the level of proximal diaphysis there are vertical and also circular segmental 
anastomoses of semicircular branches from the ATA and PTA. The nutritional tibial artery 
often arises from the PTA, seldom from the ATA.  
 
 
 
The distal diaphysis is exclusively supplied by branches of the ATA, which form a capillary 
network with circular and vertical anastomoses. The lateral surface is nourished through 
periosteal branches which merge on the medial surface with periosteal perforators. The 
latter originate from the ATA and supply the posterior surface before reaching the medial 
surface. The total amount of existing periosteal perforators is 2-5.48,80 
 
In 2 of 3 cases, the periosteum of the lateral surface around the fibular notch at the caudal 
fifth of the tibia is nourished by perforators of the fibular artery (FA) which is branching 
into an ascending and descending branch. The other part of the lateral side is supplied by the 
periosteal branches from the ATA. In one third, the whole lateral area is nourished by 
branches of the ATA. In cases when perforators are not developed the ATA gives off a strong 
branch which copies the course of the first-mentioned artery. The variations of the periosteal 
perforators are well documented by Hyrtl.56 The caudal fifth of the posterior surface is mainly 
supplied by a transversally running periosteal branch of the FA which splits up into multiple 
small vessels. These capillaries reach the medial surface and anastomose with periosteal 
branches coming from the lateral surface. Additionally there are branches of the PTA for 
the supply of the caudal area of the periosteum of the posterior surface. The lateral surface is 
chiefly nourished by branches of the ATA, whereas the posterior surface is supplied by 
branches arising from both ATA and PTA and minor parts by the FA and the inferior 
medial and lateral genicular arteries. Thus, the lateral, as well as the posterior surface, are 
supplied by direct branches of the major arteries of the lower leg. In contrast the medial 
surface is nourished only by vessels coming from the lateral and posterior surface, 
respectively. 
 
From this anatomical consideration it is obvious that anterior tibial artery is of great 
importance for the arterial supply of the tibial periosteum with an autonomous region at the 
distal diaphysis. This medial aspect of the third fourth of the tibial periosteum is nourished 
only by small capillary branches of anterior tibial artery. This is of a significant clinical 
importance because this area has high incidence of pseudoarthrosis.16 Periosteal circulation 
represents a significant part of tibial vascularization and periosteal disruption impairs and 
diminishes cortical blood supply.64,138 In short: an osteocorticotomy should neither be made at 
the distal diaphysis nor in the upper part of the proximal diaphysis, because of disruption of 
nutritional artery. 
 
 
Periosteal bone formation during growth 
 
The growth plate components go through a sequential process of cell proliferation, 
extracellular matrix synthesis, cellular hypertrophy, matrix mineralization, localized vascular 
invasion and apoptosis. These highly coordinated activities lead to the longitudinal bone 
growth and bone formation at the physeal-metaphyseal region by the mechanism of 
enchondral ossification. The growth cartilage replenishes itself through the germinal zone and 
is continually replaced by bone at the physeal-metaphyseal junction. The length of the entire 
bone increases; the physes at either end are displaced progressively further away from the 
center of the bone, and the physis itself maintains the same height throughout the growth 
period. At the same time, there is radial growth of the diaphysis and parts of the metaphysis 
caused by direct apposition of cortical bone by osteoblasts from the inner cambial layer of the 
periosteum (intramembranous bone formation) (Fig. 3). Apposition of bone around and 
between periosteal vessels results in formation of periosteal ridges, which, in subsequent 
phases unite around periosteal vessels thus producing Haversian canal, osteons (Fig. 11). 
 
 
 
 
Figure 11 Apposition of bone around periosteal vessels presented in four phases.   
 
 
There are 16 stages and with several additional substages of long bone and epiphyseal 
development that represent the timing and coordination of the growth process.42 Periosteal 
bone apposition is a cardinal feature of skeletal development. Long bones grow wider as they 
grow taller, and it is commonly recognized that there is wide individual variation in this 
process ("big-boned" vs. "small-boned"). In fact, after adjustment for height or weight, there is 
a wide range in bone size, indicating that periosteal apposition is affected by a distinct set of 
determinants.76 In humans, some of the most obvious are gender (males > females) and race 
(blacks > whites > asians).73,86,87 Geographical differences in bone size are also marked, even 
within racial boundaries.30 Disorders of bone size expansion, such as childhood illness at 
critical periods of development, have been proposed to contribute to the variation in adult 
bone strength and fracture likelihood.17 Animal studies support a positive effect of androgens 
and a negative effect of estrogens on periosteal bone formation rates.132 At puberty in males, 
the periosteum expands due to androgen action with little change in the endocortical 
(medullary diameter), so that cortical width increases. At puberty in females, the periosteal 
expansion ceases. Endocortical (medullary) diameter decreases as the endocortical bone 
formation occurs. This endocortical contraction contributes 25% of the total cortical 
thickness.45 Males and females have the same cortical thickness but the bone diameter is 
greater in males, conferring greater breaking strength. Thus, reduced cortical thickness may 
be the result of excessive radial expansion of the endocortical surface relative to the periosteal 
surface before and during puberty. This may be due to either increased resorption and/or 
reduced bone formation. A role for insulin-like growth factor 1 (IGF-1) in the regulation of 
periosteal apposition has long been postulated, especially in concert with sex steroids during 
puberty.15 Many other factors are probably involved as well. For instance, mechanical force 
applied in vivo induces the expression of a variety of genes in the periosteum78 and a rapid 
transformation of quiescent periosteal surfaces to those on which bone formation occurs.94 In 
fact, it has been suggested that the mechanical loading environment is a primary modulator of 
periosteal apposition.135 Also, genetic analyses have implicated a variety of chromosomal 
regions (and genes) in the control of bone size in humans and mice.62,63 In the light of their 
effects on bone formation in other skeletal compartments, other lifestyle and environmental 
factors (e.g., nutrition, alcohol and tobacco use)108,135 may modulate periosteal bone 
formation, but their effects have not been well examined. 
 
 
Periosteal bone formation in adulthood 
 
Animal studies, from rodents to primates, document the persistence of periosteal bone 
formation throughout life, albeit at a slower rate than during growth, and there is the strong 
suggestion that bone size may continue to increase during adulthood. At present, most 
evaluations of change in bone size in humans are small and cross-sectional and are subject to 
limited power and cohort effects,69,77,106,107 but some longitudinal studies support the increase 
in bone size with age.12,13,69 Mechanical events have usually been assumed to underlie the 
observation that bone size can increase in adults.70 One attractive model posits that gradual 
endosteal bone loss with aging leads to cortical thinning and thus more bending stress on the 
outer surface of bone, in turn leading to the stimulation of periosteal bone apposition as a 
biomechanical compensation.13,69 On the other hand, periosteal expansion also seems to occur 
in early adulthood, at a time when endosteal resorption has not begun, suggesting that events 
at the periosteum don't only reflect mechanical influences.69 Moreover, less loaded bones 
(metacarpal, skull) also experience periosteal expansion in adults. Although likely important, 
the relative role of mechanical forces in the determination of periosteal responses are 
unknown. As during growth, other factors may also influence bone size during aging 
(nutrition, endocrine factors, lifestyle variation, etc.).  
 
The periosteal effects of selective estrogen receptor modulators or nongenotropic estrogens are 
unclear. Might other factors known to adversely affect osteoblast viability or bone formation 
(e.g., glucocorticoids, alcohol, renal dysfunction, vitamin D deficiency, etc.) contribute to a 
failure of periosteal expansion and increased fracture propensity? Conversely, stimulators of 
periosteal bone formation should offer new opportunities to improve bone strength. For 
instance, parathyroid hormone therapy (and even mild hyperparathyroidism) may increase 
bone size and strength through complex effects on bone forming elements on the periosteal 
surface.93 If the postulated sex difference in bone size is a result of androgen action, as some 
animal studies suggest,88 it lends support to the potential use of androgenic compounds, acting 
through an effect on bone size, in the prevention of age-related fracture. The emergence of the 
periosteum as a target for pharmacotherapeutics, for instance with parathyroid hormone or 
androgenic agents, promises to alter approaches to fracture risk reduction. 
 
In most endosteal indices of bone adaptation endosteal adaptation of both the loaded and 
control tibiae is identical. Moreover, endosteal adaptation did not increase with strain rate. 
These results of absence of large endosteal adaptive responses, in the presence of large 
periosteal adaptive responses, are consistent in the literature.46,71,79,120 That the adaptive 
response was largely confined to the periosteal surface has significant implications for 
resistance to bending. For a given amount of bone, bone localized on the surface furthest 
away from the neutral axis of bending most effectively can resist bending by efficiently 
elevating the cross-sectional moment of inertia, and that surface represented the periosteal 
surface.67 
 
 
Periosteal bone resorption 
 
Periosteal resorption is somehow a heretical concept. It is frequently assumed that there is an 
inexorable expansion of the periosteum through isolated new bone formation, or modeling, 
and that resorption is rare on the periosteal surface. However, it is unequivocal that periosteal 
resorption occurs in some situations. Parfitt et al.93  have pointed out the drift in bone surfaces 
that accompanies growth, including the dramatic resorption that must occur on the medial ileal 
surfaces during pelvic enlargement. Analogous events occur in other flat bones (mandible, 
skull, scapulae). Similarly, longitudinal growth of appendicular bones is accompanied by 
rapid periosteal resorption of the metaphysis ("waisting") to create the more slender diaphysis. 
Essentially, the periosteal radius (and size) of the bone shrinks during that process100 and 
strength is maintained by simultaneous endocortical bone apposition to form a thickened 
cortex. While there is simply very little information concerning the presence or absence of 
resorption on most adult periosteal surfaces, Epker and Frost39  actually described periosteal 
resorption (and remodeling) in adults on the surface of  ribs almost 40 years ago and Balena et 
al.9 examined periosteal remodeling on the surface of the ileum in women. In further studies, 
the extent of eroded periosteal surface equaled that on the endocortical surface (although there 
were fewer osteoclasts present on the periosteal surface and in general the remodeling rate was 
considered much slower than on the endosteal surfaces). It was estimated that the bone 
formation presented on the periosteum occurred on previously eroded surfaces in other 
words, bone formation occurred only as part of remodeling and did not result from modeling. 
Virtually no other information exists concerning the nature of periosteal remodeling events or 
their impact on bone health. Nevertheless, there are clear illustrations of this phenomenon. For 
instance, the alveolar ridge of the mandible can be rapidly lost after tooth loss, which reduces 
the mechanical forces on it.7 One example of how the disease can affect the periosteum is that 
hyperparathyroidism has been classically associated with "subperiosteal" bone resorption. In 
severe forms, a reduction in mineralized bone size (classically of the phalanges) can be 
observed radiologically. Whether some or all of this osteoclastic activity originates on the 
periosteal surface or occurs as a result of exuberant Haversian remodeling (tunneling) within 
the subperiosteal cortex is unclear. However, the result is a reduction of the effective 
circumference of bone and arguably its resistance to fracture. To what extent these losses of 
periosteal bone contribute to the increased fracture risk of advanced hyperparathyroidism is 
unexplored. In summary, the circumference and to some extent the biomechanical strength of 
bone should be considered a function of the balance between periosteal bone formation and 
resorption. However, the rate of periosteal remodeling and the factors that influence it at 
critical skeletal sites (vertebrae, proximal femur) are unknown.89 
   
The Perichondrial Ossification Groove 
 
The perichondrial ossification groove of Ranvier that contains the circumferential bony ring 
of Lacroix, sometimes referred to as the “bone bark,” surrounds the periphery of 
the growth plate as a differentiated cell and tissue structure with fibers arranged in three 
directions: vertically, circumferentially, and obliquely. Its components function to contribute 
to latitudinal growth of the growth plate by appositional addition of chondrocytes, to contain 
mechanically and support the physes by its outer fibrous sheath, inner osteogenic layer, and 
bony ring and to elongate cortical intramembranous bone formation by  osteoprogenitor 
cells.18,19, 50, 57, 66,110,111 The groove of Ranvier surrounds the growth plate and is the specific 
structural and functional region where the cartilage of the endochondral sequence meets the 2-
layered periosteum of the intramembranous sequence. The outer layer of the periosteum is 
continuous from the diaphysis toward both bone ends enclosing the metaphysis, the growth 
plate, and inserting into the epiphyseal cartilage beyond the physis. The inner layer of the 
periosteum with osteogenic cells also covers the growth plate and forms an accumulation of 
cells at the depth of the groove adjacent to but separate from the cells of the germinal and 
proliferating layers of the physis. The groove region consists of an outer layer formed by 
fibroblasts and collagen fibers, which is a continuation of the outer fibrous layer of the 
periosteum; undifferentiated loosely packed cells, which are cartilage precursors; and a group 
of densely packed cells that mature into osteoblasts. In those bones or parts of bones in which 
the diameter of the  metaphysis is the same as that of the adjacent diaphysis (i.e., there is no 
cut-back zone), the inner, cambial layer of the periosteum is continuous into the groove, as is 
the cortex. Where the cutback zone is prominent, the inner cambial layer and the bone ring of 
the ossification groove are discontinuous with the inner cambial layer of the periosteum and 
the diaphyseal cortex. The outer fibrous layer is always continuous and serves as a fibroelastic 
sheath connecting the epiphyseal cartilage at one end of a bone to the epiphyseal cartilage at 
the other end and enclosing both physes. The increase in the transverse diameter of the physis 
is achieved by interstitial growth in the resting cell layer50,68,104,110 and appositional growth 
from the region of loosely packed cells (perichondrium) of the groove.66,110,118,126,127 
 
 
Extrinsic Mechanical Effects of the Periosteum on the Growth Plate 
 
The periosteum has an essential role in the formation of cortical bone by its inner osteogenic 
(cambial) layer. The metaphyseal cortical bone is formed by the coalescence of peripheral 
endochondral trabecular bone from the physis with intramembranous bone from the inner 
osteogenic layer of the periosteum.26 
 
The outer fibrous layer of the periosteum covers not only diaphyses and metaphyses but also 
surrounds and mechanically supports the epiphyseal regions of the growing bone, particularly 
in Ranvier’s groove, and eventually attaches into the epiphyseal cartilage beyond the physis. 
The periosteal sleeve has a strong fibroelastic mechanical effect on the physis. 
Circumferential cutting of the periosteum reduces the force by 80% needed to produce 
epiphysiolysis in rats whereas its partial section in the proximal medial tibia causes valgus 
deformation.111 Haasbeek et al.47 showed in two clinical cases that angular deformations occur 
when the periosteum is thickened adjacent to the physis. Dimitriou et al.33 compared the 
effects of surgically induced longitudinal and transverse sectioning of the periosteum, and 
observed that only the latter increased longitudinal growth of the long bones. These 
experimental observations support the mechanical theory that a reduction of tension on the 
periphyseal region has a beneficial effect on growth whereas increased tension slows growth. 
After removal of the periosteum of the diaphysis in rats, no notable differences were observed 
in the heights of the resting, proliferating, and hypertrophic cell layers or in cell proliferation 
and the rate of longitudinal growth, in comparison with control groups.49 Growth stimulation 
in children after femoral shaft fractures is considered to be caused by increased periosteal and 
periphyseal vascularity affecting the entire bone.109 
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